Buckwheat is originated in China and now widely cultivated throughout the world. Buckwheat belongs to the Polygonaceae family, and its species mainly comprise Fagopyrum esculentum Moench (common buckwheat or sweet buckwheat), Fagopyrum tartaricum (Tartary Buckwheat) and Fagopyrum emarginatum (Li and Zhang, 2001). Buckwheat is a good source of minerals, vitamins and fiber. Several flavonoids, such as rutin, quercetin, quercitin, kaempferol, orientin/isoorientin, and vitexin/isovitexin, also have been identified in buckwheat (Choy et al., 2013) .
Introduction
diameter and center distance were 30 mm and 26 mm, respectively.
The ratio of length/diameter was 12.7.
The extruded buckwheat flour and non-extruded buckwheat flour were then respectively ground by a micronized jet mill at 10 MHz, and was then passed through 80 mesh screening. The treated buckwheat flour (with both extrusion cooking and micronization treatments) and the non-treated buckwheat flour (without extrusion cooking treatment, but with micronization treatment) were mixed at the ratio of 1:1 (w/w, dry basis), and the resulting Tartary Buckwheat flour mixtures (TBFM) was used for preparing noodles. In our previous studies, the content of Tartary buckwheat flour could not reach 30% for preparing noodles (Wang, 2016) . The content of extruded Tartary Buckwheat flour could reach more than 50% for preparing noodles, however, the ductility of dough was worse and difficult to preparing noodles when the content of the extruded Tartary buckwheat flour was more than 30%. Thus, the mixture of extruded and un-extruded Tartary buckwheat flour was used to produce noodles. The un-extruded flour and extruded flour were mixed at ratio of 0:10, 3:7, 4:6, 5:5, 6:4, 7:3, restively. Each mixture was mixed with wheat flour at ratio of 50:50 to produce noodles. The effect of ratio on the noodle quality was studied (data not shown), and the results showed that the noodle had the best cooking quality among these noodle samples when the extruded/un-extruded Tartary buckwheat flour ratio was 5:5. Therefore, the extruded/un-extruded Tartary buckwheat flour ratio of 1:1 was adopted.
The TBFM (0-80%, dry basis) was to substitute the corresponding amount of wheat flour, and the mixed buckwheatwheat flour (200 g) was then added with salt water to achieve water content of 32% and salt content of 0.3% in dough, stirred for 2 min and rested for 60 min at 30℃. Dough crumbs were passed through a pair of sheeting rolls to form a noodle dough sheet. The obtained dough sheet was cut into noodles at width of 2.0 mm and thickness of 1.0 mm, which was then dried to the moisture content of approximately 12% at 30℃ and relative humidity of 85%. The desiccated noodles were cut into 20 cm length prior to use. The wheat flour noodles with substituting 0% TBFM were as the control sample.
Evaluation of noodle cooking quality
The cooking properties of the dried noodles prepared with different content of mixture of wheat flour and TBFM are expressed as optimal cooking time, cooked breaking rate, cooking loss rate and water absorption capacity. The cooking and determination methods were described as follows.
Determination of the optimal cooking time The optimal cooking time for each buckwheat dried noodle sample was determined using AACC Method 66-50 (AACC, 2010). The noodle strands were removed from the cooking water at 10 s intervals and squeezed between two transparent glass slides. The optimal cooking time was evaluated by observing the time of disappearance of the core of the noodle strands during cooking. The determinations for each sample were performed for three times.
Determination of the cooked breaking rate The cooked breaking rate (the ratio of the broken bar numbers after cooking to the total bar numbers of dried noodles before cooking) of buckwheat dried noodle samples was determined according to the Grain industry standard method LS/T3212-2014 in People's Republic of China (SAG, 2014) . 40 bars of intact buckwheat noodle samples were placed into 500 mL of boiling distilled water until the optimal cooking time. The noodle samples were collected, and the cooked breaking rate for each sample was expressed as the ratio of the quantity of cooked breaking noodles vs. quantity of the starting material. The replicates for each measurement were carried out for three times.
Determination of the cooking loss rate and water adsorption rate Cooking loss rate (the amount of solid substance lost to cooking water) of buckwheat noodle samples was determined by AACC Method 66-50 (Li et al., 2012a; AACC, 2010) . A dried noodle sample (25 g) was placed into 400 mL of boiling distilled water until the optimal cooking time. Cooking water was collected, the volume was then measured in a 500 mL volumetric flask and 50 mL of the collected cooking water were taken into a pre-dried beaker (100 mL). After that, the beaker was placed into an air oven at 105℃ and evaporated to dryness. The residue was weighed and the cooking loss rate was reported as a percentage of the starting material (calculated by dry basis). Simultaneously, the boiled noodle samples were removed from the cooking water and drained for 3 min, the weight was then evaluated and water sorption rate was calculated as the mass ratio after and before cooking. The determinations for both the cooking loss rate and water adsorption rate were performed for five times.
Noodle texture measurement The texture profiles of the noodle samples were determined by texture profile analysis (TPA) using a TA-XT2i texture analyzer (Stable Micro System Ltd., Godalming, UK) according to method of Li et al. (2012b) with modifications. The dried noodles were cooked in boiling distilled water until the optimal cooking time, and then rinsed immediately with cold water for 50 s. Five pieces of noodles were side by side placed in test board and evaluated within 5 min after cooling.
Specific measurement conditions were: P/36R probe at the test speed of 0.5 mm/s, 80% compression ratio, 5.0 g triggering force, 5 s interval between the compressions. From the force-time curves of the TPA, the hardness, cohesiveness, springiness, chewiness and resilience were determined. The shearing force was measured by A/LKB-F probe on the samples prepared as previously, and the test speed was 0.17 mm/s. The speed before and after test were 1.0 mm/ s and 10.0 mm/s, respectively. For these determinations, three specimens for each treatment were performed, the replicates for each measurement were carried out for four times, and the values for twelve times of measurements were averaged.
Morphology of Tartary Buckwheat noodles
The morphology of the cross section in each Tartary Buckwheat noodle sample was examined using a Scanning Electron Microscope (SEM, S-300N, Hitachi, Co., Ltd., Tokyo, Japan). The dried noodles were cooked in boiling distilled water until the optimal cooking time, and then rinsed immediately with cold water for 50 s. The cooked noodles were stored at -18℃ for more than 24 h, and then freeze-dried.
The resulting samples were prepared by attaching onto a circular specimen stub using double-sided adhesive tape. The samples were then coated with gold, and examined under an acceleration voltage of 15 kV and a magnification of 250×.
Colour measurement A SP60 spectrophotometer (X-Rite, Michigan, USA) was used to determine CIE L* (lightness), a* (redness) and b*(yellowness) of the noodle samples via a 8 mm aperture. The W value representing the whiteness of the noodle samples was calculated as described by Torbica et al. (2012) as follows:
Flavonoid determination in Tartary Buckwheat dried Noodles
The Tartary Buckwheat dried noodles were ground and passed through 80 mesh screening, respectively. These obtained flours were used to extract the free and bound flavonoid according to Wu et al. (2016) , which were determined according to Cho and Lee (2015) Trolox (0.02-0.25 µmol/mL). ABTS· + solutions (3.9 mL, absorbance of 0.700 at 734 nm) and the diluted flavonoid extract (0.1 mL) were homogeneously mixed, reacted at 25℃ for 6 min.
The absorbance values was immediately determined at 734 nm.
The ABTS antioxidant activity was expressed as μmol Trolox
equivalents (TE) vs. per 100 g of noodle samples (DW).
Statistical analysis All experiments were carried out at least three replications for each measurement. All data obtained in this study were analyzed with SPSS 16.0 for windows using one-way analyses of variance (ANOVA). Duncan's multiple-range test with a confidence interval of 95% was used to compare the means. Roberfroid, 1993; Plaami, 1997) . Thus, the content of dietary fiber was higher than that of crude fiber (Table 1) . Dietary fiber content in the noodles samples increased with the addition of TBFM, which have been shown to have enhanced health potential (Andersson et al., 2008; Jha and Berrocoso, 2016) .
Results and Discussion

Cooking quality analysis of Tartary Buckwheat noodles
Similar to pasta, cooking characteristics and textural properties of noodles are very important for the consumer (Chillo et al., 2008) .
The cooking properties of the dried noodles prepared with mixture of wheat flour and TBFM (0-80%) are shown in Table 2 .
Compared to the control, adding TBFM significantly decreased the optimal cooking time and water absorption capacity of noodles, whereas the cooked breaking rate was only 0% and 3.3% at the TBFM content of 0-60% and 70%, respectively, and increased with 80% of TBFM. The cooking loss rate of noodles with 10-70% levels of TBFM was 7.98-9.50%, significantly lower than that of noodles with 80% levels of TBFM ( p < 0.05). Generally, noodles or pasta products prepared from wheat flour substituted with different amount of another flour can bring negative changes to these products, as was reported for using common bean flour (Gallegos-Infante et al., 2010) and banana flour (Choo and Aziz, 2010) . However, in this study, adding TBFM had hardly any negative impact to noodle cooking quality, resulting in lower optimal cooking time, and effects on breaking rate and cooking loss were observed only with TBFM content of higher than 70%.
These changes may be due to the pregelatinized effect of Tartary
Buckwheat flour by extrusion cooking treatment, which can modify the starch structure of Tartary Buckwheat and pasting properties of flour mixtures of wheat and Tartary Buckwheat (Guha and Ali, 2002; Zhang et al., 2014; Chauhan et al., 2003) . Therefore, the Tartary Buckwheat noodles with better cooking quality were obtained from the mixtures of wheat flour and 10-60% levels of TBFM.
Texture properties of Tartary Buckwheat noodles
The textural characteristics of the cooked Tartary Buckwheat noodle samples are listed in Table 3 . The results illustrated that the addition of TBFM to the noodle formulation did not significantly affect the textural properties of cooked noodles, only hardness and chewiness of noodles prepared with 10-80% of TBFM appeared significantly higher than the control.
The SEM morphology of internal section in the noodles prepared with 0-80% TBFM are exhibited in Fig. 2 . The holes of the internal section in wheat flour noodles (0% TBFM substitution)
were irregular, and were larger than those of internal section in other noodles (10-80% TBFM substitution). Thus, the network of the internal section in wheat flour noodles might be looser, and the network of other noodles were more compact after 10-80% TBFM substitution. This might be formed by the contribution of extruded and pregelatinized Tartary buckwheat flour, which was different from that of the control. Martínez et al. (2014) also indicated that the addition of extruded flours produced doughs with a higher elastic modulus and consistency, and increased hardness of products. As well, the hardness of noodles prepared with 10-80% TBFM was higher, and water adsorption rate and optimal cooking time were lower than those of the control. These changes also might be due to the effect of extrusion-cooking treated buckwheat flour on the pasting properties of flour mixture of wheat and TBFM (Data were not shown), which showed that the peak and final viscosity decreased with the content increase of extruded Tartary Buckwheat flour. Li et al. (2012a) reported that most textural parameters were significantly ( p < 0.05) correlated with the peak and final viscosity obtained in the pasting properties determined by RVA. Data show in mean ± standard deviation (n = 3) Different letters in the same column following each figure indicate significant differences ( p < 0.05) Table 3 . Texture properties of the dried noodles prepared with 0-80% Tartary Buckwheat flour mixtures (TBFM).
Colour of Tartary Buckwheat noodles
Tartary Buckwheat flour substitution
TPA Shearing force (kg) Hardness (kg) Cohesiveness (kg) Springiness Chewiness Resilience 0% (Control) 5 . 96 ± 0 . 12g 0 . 62 ± 0 . 01ab 1 . 00 ± 0 . 00ab 3 . 68 ± 0 . 08e -0 . 01 ± 0 . 00ab 0 . 27 ± 0 . 01bc 10% 6 . 42 ± 0 . 07f 0 . 62 ± 0 . 01ab 1 . 00 ± 0 . 00a 4 . 00 ± 0 . 07d -0 . 01 ± 0 . 00a 0 . 30 ± 0 . 01a 20% 6 . 86 ± 0 . 09e 0 . 62 ± 0 . 01ab 1 . 00 ± 0 . 00ab 4 . 28 ± 0 . 01c -0 . 01 ± 0 . 00abc 0 . 28 ± 0 . 02abc 30% 7 . 20 ± 0 . 08d 0 . 61 ± 0 . 00ab 1 . 00 ± 0 . 00ab 4 . 39 ± 0 . 07bc -0 . 01 ± 0 . 00bcd 0 . 29 ± 0 . 01ab 40% 7 . 45 ± 0 . 10bcd 0 . 63 ± 0 . 02a 1 . 00 ± 0 . 00ab 4 . 70 ± 0 . 10a -0 . 01 ± 0 . 00abcd 0 . 28 ± 0 . 01abc 50% 7 . 62 ± 0 . 14bc 0 . 60 ± 0 . 02abc 1 . 00 ± 0 . 00b 4 . 60 ± 0 . 23ab -0 . 01 ± 0 . 00d 0 . 26 ± 0 . 01c 60% 8 . 05 ± 0 . 17a 0 . 57 ± 0 . 02c 1 . 00 ± 0 . 00a 4 . 63 ± 0 . 25ab -0 . 01 ± 0 . 00cd 0 . 27 ± 0 . 02c 70% 7 . 39 ± 0 . 33cd 0 . 59 ± 0 . 04bc 1 . 00 ± 0 . 00b 4 . 38 ± 0 . 29bc -0 . 01 ± 0 . 00d 0 . 28 ± 0 . 02bc 80% 7 . 78 ± 0 . 46ab 0 . 61 ± 0 . 03abc 1 . 00 ± 0 . 00ab 4 . 70 ± 0 . 09a -0 . 01 ± 0 . 00d 0 . 27 ± 0 . 02c
Data show in mean ± standard deviation (n = 12) Different letters in the same column following each figure indicate significant differences ( p < 0.05) (Table 1 and   Table 5 ). Furthermore, the whiteness of the noodles before cooking was lower than that of the noodles after cooking. This may be because the loss of dietary fiber and flavonoid during cooking process of these noodle samples. The consumers normally reckon that the noodles with a darker colour associate rich in dietary fiber, thus the colour variation in the noodle samples does not penalize these noodle typologies (Chillo et al., 2008) .
Flavonoid compositions and antioxidant properties of Tartary
Buckwheat noodles Rutin and quercetin standards were used to calculate the flavonoid compositions of Tartary Buckwheat noodles, which were detected by HPLC (Fig. 3A) . The chromatograms of free flavonoids shows excellent repeatability for all the noodle samples with 10-80% content of TBFM (Fig. 3B ), but the bound flavonoids in these noodles were below the detectable limit (Figure not shown) . Quercetin was the main detectable compound, and rutin was below the detectable limit as there was insignificant amount present in the noodle samples (Fig.   3B ).
The flavonoid contents in the dried noodle samples with 0-80% content of TBFM are shown in Table 5 . The free and bound flavonoid content increased from 4.14 to 176.90, and from 0.20 to 0.59 mg/100 g, respectively. The flavonoid contents increased significantly with the content increase of TBFM ( p < 0.05). Choy et al. (2013) prepared instant noodles enhanced with 40% of common buckwheat flour, and the rutin content was approximately 40 mg/100 g. Kreft et al. (2006) found that the actual quantity of rutin extracted from the dry traditional form of soba noodles was 6.76 mg/100 g. In the present study, the noodles with 10-80% content of TBFM were successfully produced, and the free Data show in mean ± standard deviation (n = 3) Different letters in the same column following each figure indicate significant differences ( p < 0.05) flavonoid content was up to 176.90 mg/100 g, which was much higher than that of the previous studies of Choy et al. (2013) and Kreft et al. (2006) . 
Conclusions
The dried noodles with 0-80% content of Tartary 
